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XCHAPTER X 
ANALYSIS OF THE PROBLEM 
Introduction
Body fat has several implications for an individual's 
physical well-being. Aside from its functional aspects as 
an energy reserve and as a thermal insulator, excess body 
fat has been related to an increased mortality rate (Dublin, 
1930). Vitale (1973) and deVries (1974) emphasized that 
excess fat is associated with many degenerative diseases 
such as diabetes, gallstones, high blood pressure, and heart 
disease. Mayer (1953) noted that there might be seasonal 
changes in the body fat level due to changes in activity 
level. Johnson, Burke,, and Mayer (1956) traced the onset of 
obesity of most "late obesity" children to the winter months. 
Interesting information that could result from the study of 
the amount of an individual * s body fat would be its relation 
to sex, normal maturation, and physical fitness.
A look at some of the common practices used today to 
determine'excess body fat reveals serious inadequacies. Use 
of height-weight-age tables is the most common technique. 
These tables were drawn from data representing a population 
of American people and present the average weight for a 
given age and height. The "standard weight" tables carry
with them the implication that "average" weights are at the 
same time "normal" and biologically desirable . In athletes, 
who develop large muscles, excess body water or muscle mass 
may contribute substantially to the total body weight, 
whereas, in some individuals, fat deposits constitute a large 
percentage of their weight. As a result, gross errors are 
not uncommon in such a determination of normal weight. For 
example, a man six-foot tall with a small musculature and 
skeleton may be forty or fifty pounds overweight at two 
hundred pounds. For another six-foot man of massive muscu­
lature and skeleton, two hundred pounds could be his ideal 
weight. In an Air Force study. Warnsley and Roberts (1963) 
found that twenty-one of fifty-one cases would be incorrectly 
classified by use of age-weight-height tables. This clearly 
indicates a need for an accurate measurement of body compo­
sition rather than the reliance on tables of averages.
Methods used for estimation of body composition 
include underwater weighing (Keys and Brozek, 1953) , 
measurement of body volume (Allen, 1963), and the hydrometric 
method (Keys and Brozek, 1953) . These methods are extremely 
valid but require considerable time and extensive laboratory 
facilities.
Finally, the method of skinfold measurement is used 
to estimate subcutaneous fat tissue. This method— although 
not as accurate as the underwater weighing, body volume, or 
hydrometric methods— is far better than the age-height-weight
tables. Numerous sites have been used in estimating body 
composition based on skinfold measurements. Regression 
equations have been formulated for populations of different 
age, sex and fitness levels. Choice of sites should be made 
on the basis of these factors. Accessibility is another 
factor which must receive prime consideration. Fortunately, 
the triceps skinfold has been proven to be highly accurate 
in determining levels of body fat (Hammond, 1955; Seltzer, 
Goldman, and Mayer, 1965; Tanner and Whitehouse, 1962; and 
Parizkova, 1961). Also, it is accessible without the 
shedding of much clothing (an important consideration in the 
American school environment). Thus the triceps skinfold 
measurement provides an accurate and practical means of 
determining body fat.
Justification of the Problem 
Although studies have been designed to measure body 
fat in individuals and to validate triceps skinfold measure­
ments , little application has been made of the results. 
Relationships between body fat and physical well-being have 
gone largely unexplored. In this study, an attempt will be 
made to determine if at significant relationship does indeed 
exist between body fat, as measured by the triceps skinfold, 
and an individual's well-being, as determined by physical 
fitness and physical activity. If it is established that 
amount of body fat does have implications for physical well- 
being, positive steps may be taken. With proper warning,
individuals could change their eating and activity patterns 
before they become ingrained. Another possibility for the 
use of skinfolds is ‘a program for the overweight (overfat). 
Goals could be set and effectiveness of programs determined 
by a child's body fat level.
Statement of the Problem
Is there a relationship between body fat and the 
physical well-being of children, aged six to thirteen, 
according to age, sex and season of the year?
Assumptions
Body fat has several implications for the physical 
well-being of children, aged six to thirteen.
Physical activity is a major indication of an 
elementary student's physical well-being.
Physical fitness is a major indication of an 
elementary student's physical well-being.
Hypotheses
1. There will be no significant difference in the 
percentage of body fat in children of different ages.
2. There will be no significant difference between 
percentage of body fat in boys and girls.
3. There will be no significant differences among 
body fat readings taken during fall, winter, and spring 
seasons.
4. There will be no significant relationship 
between activity level and the percentage of body fat in 
children.
5. There will be no significant relationship 
between physical fitness and the percentage of body fat 
in children.
Delimitations of the Study 
The study involved one hundred sixty males and one 
hundred sixty females at St. Thomas More Grade School in 
Omaha, Nebraska. Ages ranged from six to thirteen.
Definition of Terms 
In reference to this study, the following terms are
defined:
Physical Activity Rating (PAR)
The PAR refers to the scale used to rate each 
student as to his level of activity. Each student was 
rated based on the following guidelines:
Highly active. Not inhibited in play, very 
aggressive, seem to love to move, participate in all 
activities.
Active. Participate in most activities, are less 
aggressive, .need to build confidence in movements before 
they become more active.
Average. Follow the group, not aggressive, do what 
is required with bursts of aggressiveness.
Passive. Generally shun activity unless required 
to participate. During activity they exhibit minimal move­
ment, act inhibited, and are slow.
Very passive. Not only do they not participate in 
optional physical activity, but consistently bring excuses 
to get out of required activity.. When engaged in an 
activity, they move very little if at all.
Physical Fitness
For the purposes of this study, physical fitness 
was determined by the Official Amateur Athletic Union 
Physical Fitness and Proficiency Test and includes the 
following components: strength (as determined by the
flexed-arm hang), endurance (distance run), speed (sprint), 
agility (shuttle run), muscular endurance (sit-ups), and 
jumping ability (standing long jump).
Limitations
The limitations of this study generally center 
around the lack of sample size and time. First of all, the 
sample size for each age group and sex is twenty. Second, 
since the testing of the students was done during their 
regularly scheduled physical education classes, the time of 
day, day of the week, and weather conditions were not 
exactly the same. A third difficulty involved the physical 
fitness testing. It was taken for granted that the subjects 
put forth a maximal effort on the test, since children that 
age characteristically perform their best in such situations
Finally, the most serious limitation regards the 
author's subjective evaluation of the physical activity of 
the subjects. The reader should be wary of attempting to 
use the rating or to generalize the results to other popula­
tions. The author justifies his evaluation by the fact 
that he has observed most of the children during their 
physical education classes, intramurals, and athletic 
endeavors for the three years previous to the study.
8CHAPTER II 
REVIEW OF RELATED LITERATURE
In reviewing the literature related to this sub ject , 
two main considerations were made. First, results of 
research that measured body fat are described in order to 
provide a basis for comparison with the present study. 
Second, research is presented which relates levels of body 
fat and other variables. This information was then helpful 
in determining the design of this study.
The related literature is organized into four 
sections % 1. Measurements of Body Fat, 2. Effects of Age
and Sex on Body Fat, 3. Effect of Physical Activity on 
Body Fat, and 4. Effect of Seasons on Body Fat.
Measurements of Body Fat
The review of this section begins with studies that 
validate skinfolds as an estimate of body fat. Following 
those are studies which use techniques other than skinfold 
measurements to determine body fat.
The sum of the thickness of subcutaneous fat folds 
at ten different sites was compared with the percentage of 
total adiposity as measured by underwater weighing by Allen 
et. al., (1956). Fifty-eight men and twenty-nine women in 
Formosa were used in the study. The results indicated that
the total adiposity in both sexes could be predicted from 
skinfold measurements. The data also revealed that 
approximately two-thirds of the excess adiposity of fat 
people is located just beneath the skin whereas, in thin 
persons, most of the fat is internal.
Durnin and Rahaman (1967) attempted to formulate 
simple equations for the prediction of the quantity of fat 
in the body. Skinfold thickness and body density were 
measured on one hundred five young adult men and women and 
eighty-six adolescent boys and girls. They found that the 
correlation coefficients between skinfold thickness (single 
or multiple) and density were in the region of -0.80. Sites 
used for the skinfold readings were biceps, triceps, sub- 
scapular, and suprailiac. Regression equations were 
calculated to predict body fat from skinfolds. A table was 
presented which gives the percentage of the body-weight as 
fat from the measurement of skinfold thickness.
Another study which tried to standardize skinfold 
readings was done by Hammond (1955). This colossal study 
used a total of just over four thousand five hundred sub­
jects of both sexes, ranging in age from one year to 
adulthood. The author calculated a regression equation for 
the actual thickness of surface fat measured from x-ray 
plates in terms of the caliper measurements taken at the 
same sites. Included in this study were numerous correla­
tions of variables and standards worth noting:
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1. Subcutaneous fat levels at different sites
were correlated with each other to see which sites were most 
representative of total subcutaneous fat for the individual 
at any moment and in respect to changes in fat with age.
2. Mean measurements for different nutritional 
and social groups were calculated*
3* Standards for body fat measurements based on 
over four thousand five hundred subjects aged two years and 
up were given for biceps, triceps, sub scapular, sub-costal,, 
suprailiac and abdominal regions.
4. It was found all the measurements were highly 
representative of total fat.
The relationship of body density to skinfolds, 
anthropometric measurements, and indices was studied in 
thirty-two obese adolescent girls by Seltzer, Goldman, 
and Mayer (1965). Various skinfold sites were tested as 
possible predictors of body density, with the triceps 
skinfold chosen as the best single predictor of body density 
(and hence, percentage of total body fat) in obese adoles­
cent girls. The article also proposed that adolescent girls 
with triceps skinfold thickness twenty-five mm. and over 
should be classified as obese. A conversion table is 
presented for the direct estimation of percentage of body 
fat from tricep skinfold thickness in obese adolescent 
females, ages twelve through eighteen.
Body density (determined by the hydrostatic 
weighing method) and skinfold thickness in ten sites were
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determined in two hundred forty-one healthy children by 
Parizkova (1961) . In this study, two age groups were used— * 
pre-adolescent (9-12) and adolescent (13-16)— for both sexes. 
In both age groups and sexes, the thickness of individual 
skinfolds correlated closely with body density. Perhaps, 
most importantly, nomograms were constructed for the deter­
mination of per cent of body fat from the triceps skinfold 
thickness for both pre-adolescent males and pre-adolescent 
females. This would be especially significant for anyone 
doing a field study and wanting quick conversion of skin­
fold thicknesses to per cent body fat.
Miller and Blyth (1952) used the basal oxygen 
consumption and creatinine excretion techniques to estimate 
lean body mass. Seventy-nine college students were used in 
the study. Lean body mass was determined by the specific 
gravity method. The results showed that lean body mass 
can be predicted from basal oxygen consumption and 
creatinine excretion.
An early study by Rathburn and Pace (19 45) determined 
the specific gravity of fifty guinea pigs. An equation for 
determining the per cent of fat from body specific gravity 
was set up. It was shown that the specific gravity range 
for the guinea pig and man matches rather well. Therefore, 
an equation was set up to determine per cent of body fat 
in man. A table based on this equation was given for the 
specific gravity of man to per cent of body fat.
In an attempt to develop an obesity index for six- 
month. old children, Crawford et al. (1974) took eleven 
measurements (recumbent length, body weight, skinfolds at 
the triceps, subscapular, chest and suprailiac sites, and 
the circumferences of the head, chest, waist, upper arm, 
and mid-calf areas). Three of the authors independently 
selected forty lean and forty obese children from their 
six-month photographs. Seventeen children were classified 
by all three investigators as obese. Using the multiple 
regression technique with twenty-two variables, the authors 
concluded that the best single indicator of obesity at six 
months was weight gain from birth to six months, followed 
by the sum of the skinfolds. Even a simple biceps circum­
ference was found superior to the more traditional height/ 
weight ratios.
In summary, it appears from the literature that 
measurements of skinfolds will yield a highly valid estima­
tion of body fat. The triceps site has been singled out 
by many researchers as the best single site. Another 
advantage of the triceps site is its availability in, almost 
every situation. Standards for the triceps skinfold thick­
ness for all ages and a nomograph for converting it to 
per cent body fat have been given.
The Effect of Age and Sex on 
the Level of Body Fat
In the normal growth and development of children, 
changes in body fat can be seen. Information that would
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be of interest to educators and parents is how fat or 
thin a child is— relative to his peers or to himself at a 
previous age- Studies that try to give normative values 
at different ages and sexes will be presented in this 
section.
Standards for subcutaneous fat in British children 
were tabulated by Tanner and Whitehouse (1962) for males 
and females from birth to age sixteen- Twenty-five 
thousand children were used in this study. Standards for 
the triceps and subscapular skinfold thicknesses were con­
structed using the same percentiles as in the British 
height and weight standards-— that is, third, tenth, twenty- 
fifth, fiftieth, seventy-fifth, ninetieth, and ninety- 
seventh. The authors pointed out that these standards do 
not represent what ought to be, but only what is.
The extent and significance of age changes and sex 
differences in the composition of the upper arm were radio- 
graphically, analyzed by Malina and Johnston (1967). Three 
hundred sixty-three white children, aged six through sixteen, 
were studied. It was determined that boys had greater abso­
lute values in all measures (muscle and bone) except fat 
throughout the period studied. Sex differences in upper 
arm composition arose at adolescence and involved primarily 
a loss of fat in boys. Figures were presented which com­
pared males and females as to percent of muscle, bone, fat 
and total arm size at all ages studied.
In a study which investigated the subcutaneous fat 
patterns of the anterior leg and over the greater trochanter 
Young C1958) traced fat thickness of three hundred thirty- 
eight subjects, aged twelve to sixty-five. Trochanteric 
fat increased while anterior leg fat diminished in both 
sexes, which indicates adult rearrangement of fat.
Two studies which traced changes in body fat with 
age were carried out by Brozek (1952) and Brozek et a L  
(1953) „ Both studies indicated that both men and women 
exhibit a marked increase in fat content with age. •'Adult 
subjects were used in both studies.
The Effect of Physical Activity 
on the Body Fat Level
The importance of lack of physical activity as a 
cause of excess fat gains has been minimized by misinformed 
clinicians and health educators. Two common erroneous 
statements emerges 1.) Exercise requires relatively little 
caloric expenditure and is therefore of little concern to 
the problem of obesity and of little value as a reducing aid 
and 2.) An increase in physical activity is automatically 
followed by an increase in appetite. This section will 
attempt to refute both the above premises by summarizing 
research done in this area.
Mayer (1953), in an extensive study of the etiology 
of obesity, found that many of the attitudes about physical
15
activity do not hold up under scientific analysis. His 
study was basically an extensive review of the literature 
(256 sources cited), coupled with his own expertise in the 
area of body fat. He presented his view that physical 
activity (or the lack of it) is a major reason for the 
onset of obesity. He also believed that it can be a great 
value in the control of body fat.
The records of three hundred fifty cases of obesity 
were analyzed for a history of increase of food intake or 
diminished activity during the time of gain in body weight 
by Greene (1939). Inactivity was found to occur simul­
taneously with gain in body weight in 67.5% of the cases, 
while an increase in food intake was found in only 3.2%.
A long illness or convalescence produced the inactivity in 
64.3% of the cases.
Johnson, Burke, and Mayer (1956b) compared two 
groups of high school girls,.twenty-eight obese subjects 
and twenty-eight nonobese individuals of similar height, 
age, and grade, in regard to physical maturation, food 
intake, and activity. The activity level was determined by 
a system of indices designed for the study. Both groups 
were found to be relatively inactive, but the obese girls 
were significantly more so. When caloric intake and activity 
indices were compared it appeared that inactivity was more 
important than overeating in the development and maintenance 
of obesity. In fact, the caloric intake of the obese 
group was significantly lower than the nonobese group.
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Similar results were found by Corbin and Pletcher 
(1968) in a comparison of obese and nonobese fifth graders. 
They found that the relative inactivity of the obese 
children and the relatively similar diets of all children, 
regardless of body fat, supported their contention that 
inactivity may be as important or more important than 
excessive caloric intake in the development and maintenance 
of childhood obesity.
Stefanik, Heald, and Mayer (1959) studied obese 
and nonobese adolescent boys at a summer camp. Comparisons 
were made with respect to the food eaten and the amount and 
degree of participation in physical activity ;.. Interestingly 
enough, it was found that the obese boys ate significantly 
less food than the nonobese boys. Little difference was 
noted in the amount of time scheduled for exercise but the 
degree of participation was observed to be generally less 
for the obese than for the nonobese.
Based on this review, changes in activity were often 
found to show up in the body fat level. Comparisons of 
caloric intake between obese and nonobese children showed no- 
significant difference that would explain the excess body fat.
The Effect of Seasons on Body Fat Level
Very little research can be found concerning the 
seasonal effect on body fat level. Mayer (1953) reported 
that there was increased deposition of fat at the onset of 
winter pelage. He concluded that, generally speaking, in
17
normal animals, exposure to cold is a stimulus to increased 
adiposity.
As part of a study on the prevalence and incidence 
of obesity in children, Johnson, Burke, and Mayer (1956a) 
found that seventy-nine per cent of the boys and sixty-seven 
per cent of the girls were obese at a spring examination 
(April), but they had not been so upon examination the 
previous fall (October). They concluded that this change 
was due to changes in physical activity rather than a body 
change due to temperature.
Summary
The most common (and practical) means of determining 
body fat is by the skinfold method. The triceps skinfold 
was the area most commonly selected because of its high 
reliability and ease of administration. Nomograms were 
developed by Parizkova (1961) for easy conversion of the 
triceps skinfold reading to per cent body fat.
Physical activity (or lack of it) was shown to be 
the major cause of obesity. Seasonal effect is difficult 
to determine due to the fact that activity level generally 
decreases in cold weather.
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CHAPTER III 
PROCEDURES
Design of Study 
The research carried out in this study was an 
analysis of body fat development which may affect the physi­
cal well-being of children as determined by physical activity 
levels and physical fitness. The children studied were 
elementary students whose ages range from six to thirteen. 
Specific measurements taken were the triceps skinfold 
(during fall, winter, and spring), age, height, weight, 
physical fitness, and the PAR (see definitions)..
Source and Description of Subjects 
Twenty males and twenty females were randomly 
selected from the St. Thomas More School population (total 
enrollment: 666) for each age level six through thirteen.
St. Thomas More School is located in a neighborhood con­
taining mostly working and middle class families. All of 
the subjects were white and were generally in good health 
with no major limitations. The children were required to 
attend physical education classes two or three times a week. 
In addition, an extensive program of intramurals, clubs, ^
\
and athletics was offered.
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Data Gathering Methods 
The methods used for obtaining the data necessary 
to test the hypotheses will be presented in this section.
Age and Sex
Exact birthdates and sex (although obvious) were 
obtained from the school census cards.
Height and Weight 
Each fall and spring at St. Thomas More School, the 
school health committee records each student*s height and 
weight. For the purposes of this study, the committee ■ s 
fall records were used.
Triceps Skinfold 
The triceps skinfold was taken from the mid-point 
of the muscle belly, mid-way between the olecranon process 
and the tip of the acromion, with the upper arm hanging 
vertically. At this site the skinfold was pinched firmly 
between the thumb and forefinger and pulled away slightly 
from the underlying tissues. The calipers were applied a 
distance of one cm. from the fingers for the measurement.
Two readings were initially taken, and a third if there was 
any disagreement greater than one mm.
Fitness Test
The Official Amateur Athletic Union Physical Fitness 
and Proficiency Test was modified to the following format:
2 0
1. Situps. The knees were bent and the feet held. 
Hands were kept behind the head. Subjects sat up and 
touched their elbows to the knees as many times as possible 
in one minute.
2. Flexed arm hang. The subject was boosted up 
until his chin was above the bar and attempted to hold 
this position (supinated grip) as long as possible. Timing 
stopped if the chin went below the bar, touched the bar,
or if the head tilted back to keep the chin above the bar.
3. Shuttle run. Subject ran a distance of ten 
yards, picked up a bean bag, returned to the starting line, 
set the bag down, ran back and picked up a second bean bag 
and returned to the starting line as quickly as possible.
4. Standing long jump. Subject jumped as far as 
possible from a standing position. No forward movement of 
either foot was allowed before take-off. Distance was 
measured from the starting line to the point of touch 
closest to it.
5. Sprint. Subjects ran as fast as possible to 
the finish line. Distances covered were:
6-7 year olds - 30 yards
8-9 year olds — 40 yards
10-11 year olds - 50 yards
12-13 year olds - 60 yards
6. Distance run. Subjects ran/walked around a dirt 
220 track the following distances:
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6-7 year olds - 440 yards
8-9 year olds - one-half mile
10-11 year olds - three-fourth mile
12-13 year olds - one mile
Physical Activity Rating 
The physical activity level of the subjects will be 
determined by the investigator* It would be possible to 
rate each child by some preset index of physical activity
as used by authors of previous studies (Johnson, Burke and
Mayer, 1956a? Corbin and Pletcher, 1968)* However, it was 
the feeling of the author of this study that his association 
with and observations of the subjects during the three
years previous to the study (with the exception of the younger
subjects) enabled him to give a more valid rating of the 
subjects8 normal activity level. Furthermore, the author 
was in the unique position of being Athletic Director, 
Intramural Director and coach of ten different school teams 
during those three years. Further observations of a number 
of the subjects were made during the summer months as the 
investigator was pool manager for the neighborhood swimming 
pool. The exact criteria used for rating the subjects were 
outlined under definition of terms.
Description of Measuring Tools 
The data was collected using the equipment and tools 
described below.
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Skinfold Caliper
A Lange skin caliper was used to measure the thick** 
ness of the skinfolds. It was calibrated to exert a 
pressure of ten grams per square millimeter of jaw surface.
Fitness Test Equipment
Listed below are the various physical fitness 
events with, the equipment and facilities used for each.
1. Situps— tumbling mats
2. Shuttle run---gym floor (tile) ; stop watch 
accurate to .1 second
3. Sprint— -on concrete; stop watch (as above)
4. Distance run— -dirt 220 tracks stop watch (as
above)
5. Flexed arm hang--standard chinning bar, seven 
feet above the floor; stop watch (as above)
6. Standing long jump— tile floor, tumbling mat, 
measuring tape
Treatment of Data
Data was statistically treated at the University of 
Nebraska at Omaha Computer Center. Appropriate statistics 
obtained were: the mean, standard deviation and range for
each variable; a three-way analysis of variance for the 
factorial design; the Tukey Multiple Comparison Test was 
used to identify statistically significant differences 
shown by the three-way analysis of variance; and the
23
Pearson Product Moment Correlation was used to relate each 
variable with all other variables.
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CHAPTER IV 
PRESENTATION AND ANALYSIS OF DATA
The presentation and analysis of the data is 
organized in the following sequence;
1.) Statistical Description of Subjects
2.) Correlation Between Variables
3.) Analysis of Variance
Statistical Description of Subjects
Height and weight descriptions of both males and 
females are presented in Table 1. The results indicate 
that there was steady’ growth in both boys and girls between 
six and thirteen years.
Another dimension of the subjects' vital statistics 
is the average per cent of body fat. Tables 2, 3, 4, and 5 
present the mean, standard deviation and range of the per 
cent of body fat for each age group, sex and season. In 
these tables note that the N for sex reflects the sum of the 
three seasons, thereby producing an N of 60 while there were 
only twenty subjects for that age and sex. The per cent of 
body fat did not reflect a steady increase with age but 
varied with age, sex and season.
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A similar illustration of a child’s fat level is 
shown by the use of the triceps skinfold thickness* Since 
regression equations were used to convert this thickness 
to per cent body fat, a direct relationship is not seen* 
However, the general picture is very similar. Tables 6 and 
7 sum up this data using age, sex and season to break the 
statistics down into more specific groupings*
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Table 8 summarizes the general activity level of 
the different age levels and between the sexes. In all age 
groups, the average PAR was lower for males than females 
indicating that males tended to be more physically active 
than females.
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The changes reflected in the development of physical 
fitness components through a child*s growth and development 
is seen in Tables 9, 10, and 11. In each separate fitness 
component, a steady increase of ability can be seen with 
few exceptions for each age group. Although it appears that 
males had a higher average for most of the different com­
ponents, a look at the range of scores for both sexes 
indicates that sex was not the only indicator of success in 
physical fitness testing.a
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Correlations Between Variables
Intercorrelations among fifteen variables are 
found in Table 12. Pearson’s Product Moment Correlation 
Coefficient was used to determine the correlations and 
their significance. In analyzing the correlationsr a 
significant inverse relationship was found between the per 
cent body fat reading in the fall (when the physical fitness 
test was taken) and all components of the physical fitness 
test except the shuttle run. Correlations showed that the 
PAR was significantly related to all variables- This 
relationship was also an inverse one.
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Analysis of Variance 
The amount of body fat significantly varied for all 
variables in a three-way analysis of variance. Table 13 
summarized the factorial design and gives insight into the 
relationship between body fat and the physical well-being 
of children.
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Significant p ratios, were found for all three main 
effects. Body fat significantly varied with age, sex and 
season. Furthermore the interactions of age by sex and age 
by season also produced significant F ratios. The Tukey 
Multiple Range Test was used to determine where significant 
differences occurred among each of the three main effects of 
the three-way analysis of variance. The age variability 
was significantly different for the following age breakdowns: 
age six with ages ten, eleven, and twelve? age seven with 
ages eleven and twelve; age eight with age eleven; age ten 
with age six; age eleven with ages six, seven, eight, and 
thirteen; age twelve with ages six and seven; and age 
thirteen with age eleven. There was a significant variation 
between the two sexes. The seasons were also significantly 
different from each other: fall with winter and spring;
winter with spring. Table 14 shows these relationships.
The table is presented in homogeneous subsets (subsets of 
groups, no pair of which have means that differ by more than 
the shortest significant range for a subset of that size). 
Thus it can be seen that, although age varied significantly 
with body fat, certain subsets were homogenous and did not 
show this relationship.
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CHAPTER V 
DISCUSSION
The results of this study can be helpful in under­
standing the physical well-being of children* Different 
facets of this well-being, as outlined in the hypotheses, 
will be discussed in the following sequence: 1) age,
2) sex, 3) season, 4) physical activity, and 5) physical 
fitness.
Age
As children grow, height and weight increase* This 
information can be helpful in gaining insight into normal 
development patterns but, as mentioned in Chapter I, height 
and weight tables can be misleading when used in and of 
themselves* The changes in percentage of body fat between 
the ages of six and thirteen can be valuable in assessing 
a child's well-being, but they do not follow the same sim­
ple upward trend*
Figures 1, 2, 3, and 4 plot the growth of the sub­
jects of height, weight, skinfold thicknesses and percentages 
of body fat. In terms of height and weight, boys ages six 
through ten were somewhat larger than their female counter­
parts. The figures substantiate the well-known occurrence 
of an earlier adolescent growth spurt in females. At this
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FIGURE 2 
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point/ girls temporarily are taller and weigh more. By 
the time the boys reach age thirteen/ they are once again 
taller and heavier.
Despite the fact that boys were generally larger, 
females in this study had a higher percentage of body fat 
at every age. The analysis of variance established the fact 
that a significant relationship exists between body fat and 
age. As graphically displayed in Figure 3, this relation­
ship appears to be curvilinear.
The first hypothesis (that there are significant 
differences among the body fat levels in children of 
different ages) has been accepted on the basis of the 
results of the three-way analysis of variance. The F-ratio 
is 6.606 which is significant at the 0.001 level.
Sex
Body fat also has been found to be significantly 
related to sex. This study confirms what Malina and Johnson 
(1967) found— -that females have a greater amount of fat at 
all times during the ages studied. Figure 4 shows that males 
generally had a thinner skinfold reading but this was not 
true for every age level and season. However, as shown 
in Figure 3, the percentage of body fat at each age and 
season was lower for males. The nomograms used in this 
study for converting skinfold thicknesses into percentages 
of body fat were established by Parizkova (1961). These 
nomograms were constructed separately for each sex. A
52
female with a given skinfold thickness actually has a 
higher percentage of body fat than a male with an identical 
skinfold thickness.
There has been no research aimed at examining the 
discrepancy in percentage of body fat between the sexes.
It is generally assumed that the higher percentage of body 
fat in females is a sex characteristic. However, the range 
of the body fat levels of females in this study was similar 
to the range for males aged six to ten. This indicated that 
some unknown factor may be responsible for the difference.
Before the onset of puberty, it is conceivable that 
males and females could have similar fat levels. However, 
societal expectations are such that females in general are 
less active. This may account for the greater amount of fat 
in females of all ages, and not only after hormonal changes 
take effect.
The second hypothesis (that there are significant 
differences between the, body fat levels of boys and girls) 
has been accepted on the basis of the results of the three- 
way analysis of variance. The F-ratio for sex was 55.007 
which was significant at the 0.001 level.
Season
One of the most significant findings of this study 
is the effect of season on the amount of body fat. Figures 
3 and 4 depict the changes in both mm. of skinfold thickness 
and percentage of body fat between fall and winter and
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again between winter and spring. Johnson, Burke, and 
Mayer (JL956a) traced the onset of obesity to the winter 
months, but concluded that this was due to changes in 
physical activity rather than a body change due to tempera­
tures. The present study would support that conclusion. If 
temperature changes were responsible for changes in body fat 
level, then the return of warm weather would bring about a 
decrease in body fat during the spring. In fact, the spring 
skinfold measurements were greater than those taken during 
the winter. This could possibly be explained as a result of 
continued inactivity during the school year.
The third hypothesis (that there are significant 
differences among the body fat levels in children taken 
during the fall, winter and spring seasons) has been 
accepted on the basis of the three-way analysis of variance.
The F-ration was 31.118 which was significant at the 0.001 
level.
Physical Activity 
As was mentioned in the previous sections, much of 
the variability of the body fat level could be explained by 
different levels of physical activity. Figure 5 shows that 
males at every age level are more physically active than 
females. This may be the reason for the sex differences in 
body fat levels.
This study supports the works of Greene (1939),
Johnson,. Burke, and Mayer (19 56b) , Corbin and Pletcher (1968) ,
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FIGURE 5
COMPARISON OF THE PHYSICAL ACTIVITY OF MALES
AND FEMALES BASED ON THE PAR
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and Stefanik, Heaid, and Mayer (1959), all of which 
concluded that obesity was caused or maintained by a lack 
of Physical activity. Correlations between the PAR and all 
measurements of body fat showed a negative correlation 
between physical activity and body fat. Some may speculate 
that perhaps the excess fat was the cause of the inactivity 
rather than the inactivity causing excess fat. The impor­
tant thing is to understand that there is a definite 
relationship between the two. Implications for physical 
well-being are several. If activity must decrease, a 
like decrease in caloric intake should follow. Schools 
may want to provide vigorous activity daily to counteract 
the gradual increase in body fat throughout the school year. 
Physical activity for both sexes should be viewed as 
desirable.
The fourth hypothesis (that there is a significant 
relationship between physical activity and the percentage 
of body fat in children) has been accepted on the basis 
of the Pearson Product Moment Correlation between the PAR 
and each of the body fat ratings: mm. fat level during
the fall (.61, p-<_.001); mm. fat level during the winter 
(.59, p^.001); mm. fat level during the spring (.54, p^.001) 
percentage of body fat in the fall (.60, p<^.001); percentage 
of body fat in the winter (.60, p-^ .001); percentage of body 
fat in the spring (.54, p^.001) .
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Physical Fitness 
A major assumption of this study was that the 
physical well-being of children can be, at least partially, 
determined by their level of physical fitness* Physical 
fitness means different things to different people. For the 
purposes of this study, physical fitness was determined by 
test items commonly used in schools across the country to 
test physical fitness (situps, flexed arm hang, standing 
long jump, an endurance run, a sprint, and the shuttle run). 
Figures 6, 7, 8, 9, 10, and 11 graphically display the 
results of the fitness scores by age and sex. With the 
exception of a few isloated ages and subtests, males 
scored higher on all areas of the fitness test. Although 
a larger muscle mass or greater social pressure to excel 
in physical activity may explain this difference, it is 
possible that the lower body fat level is responsible.
In reviewing the subtests, one finds that fat is a 
decided handicap. In situps, one has to overcome the resis­
tance which must be moved. Similarly, in the flexed arm 
hang, the mere fact that a larger percentage of body tissue 
is inactive hinders one's performance. This basic hindrance 
applies to all the other subtestss a greater mass must be 
moved, and this mass does not add to the effectiveness of 
how the body moves, such as muscles would.
The fitness items were tested in this study only in 
the fall. Therefore, the fall body fat reading should be 
the one used in determining the relationship between physical
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FIGURE 6
COMPARISON OF THE PHYSICAL FITNESS OF MALES
AND FEMALES AGES 6 TO 13: SITUPS
males
females
48-
46-
44-
42-
40-
38-
36-
34-
32-
30-
26-
24-
22 -
20-
11 12 136 7 8 10
Age in Years
62
58
53
50
46
42
38
34
30
26
22
18
14-
10
58
FIGURE 7
MPARISON OF THE PHYSICAL FITNESS OF MALES AND
FEMALES AGES 6 TO 13*-FLEXED ARM HANG
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FIGURE 8
COMPARISON OF THE PHYSICAL FITNESS OF MALES
AND FEMALES AGED 6 TO 13:
STANDING LONG JUMP
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FIGURE 9
COMPARISON OF THE PHYSICAL FITNESS OF MALES
AND FEMALES AGED 6 TO 13 :
SHUTTLE RUN
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fitness and body fat. The Pearson r shows that body fat is 
negatively correlated with each subtest item except the 
shuttle run. Although excess fat would appear to hinder 
one’s performance in this test, an examination of what is 
necessary for success reveals that this handicap may 
actually increase a person's chances of success in a 
different way. First of all, the shuttle run is a test of 
agility— specif ically, to be able to change directions 
rapidly. The two basic parts of the test are one's speed 
between the direction changes and how fast one can change 
directions. An excess of body fat may hinder one's speed
i
between direction changes, which in turn, may help one • 
change directions faster. Based on the fact that five out 
of six variables were significantly correlated to body fat, 
it is possible to conclude that physical fitness is sig­
nificantly related to body fat.
The fifth hypothesis (that there is a significant 
relationship between physical fitness and the percentage 
of body fat in children) is accepted on the basis of the 
Pearson Product Moment Correlation between the percentage 
of the fall body fat reading and five of the six physical 
fitness test items: situps (-.18, p<L-001); flexed arm
hang (-.40, p <1.001); standing long jump (-.12, p <  .015) ; 
endurance run (.30, p<.001); sprint (.34, p<1.001); and 
shuttle run (.05, p <1.168).
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CHAPTER VI
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
Summary
The purpose of this study was to analyze several 
variables that may relate to children*s physical well- 
being. The study attempted to answer the following 
questions:
1. What is the relationship between age and per­
centage of body fat in children?
2. What is the relationship between sex and the . 
percentage of body fat in children?
Or
3. What is the relationship between the seasons 
and percentage of body fat in children?
4. What is the relationship between activity level 
and the percentage of body fat in children?
5. What is the relationship between physical 
fitness and the percentage of body fat in children?
Subjects used in the study were three hundred 
twenty grade school students at St. Thomas More School in 
Omaha, Nebraska. Ages ranged from six to thirteen.
Specific measurements taken were the triceps skinfold 
during fall, winter, and spring? age,’ height, weight? 
Physical Activity Rating (PAR), and a physical fitness test
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consisting of situps, flexed arm hang, standing long jump, 
an endurance run, a sprint, and the shuttle run. The 
triceps skinfold readings were converted to percentage of 
body fat for each subject using a nomogram produced by 
Parizkova (1961). The results are as follows:
1. There were significant differences among the 
percentages of body fat in children of different ages. The 
Tukey Multiple Range Comparison Test was used to indicate 
where statistically significant differences existed.
2. There were found to be significant differences 
in percentage of body fat between males and females.
3. There were significant differences in body fat 
readings taken during three seasons: fall, winter, and
spring. Each season was identified by the Tukey Multiple 
Comparison Test to be statistically significantly different.
4. A significant relationship was found between 
percentage of body fat and the Physical Activity Rating 
(PAR). This was true for both triceps skinfold thicknesses 
and the converted body fat percentages for each season.
5. Five of six physical fitness test items (situps, 
flexed arm hang, standing long jump, endurance run and 
sprint) were found to have significant relationships to 
percentage of body fat. The shuttle run subtest was the 
only item not found to be significantly related to body 
fat.
Conclusions
The following conclusions could be justified by the 
findings of this investigation:
1. The body fat levels in children change with 
respect to age.
2. There are significant differences between the 
body fat levels of males and females.
3. The body fat level showed significant increases 
between fall and winter and again between winter and 
spring in children.
4. A child’s percentage of body fat is significantly 
related to his physical activity level.
5. Success in five of six physical fitness items 
(situps, flexed arm hang, standing long jump, an endurance 
run and a sprint) is related significantly to the percent 
of body fat in children. The shuttle run was found not to 
be significantly related to body fat levels.
Re commendation s
As a result of this investigation, the following 
recommendations are made.
1. Further research should attempt to establish 
biologically desirable body fat levels.
2. Further research should be designed to 
investigate possible causes for the higher level of pre- 
puberty fat in females.
3. Further research should be designed to
investigate the cause of the seasonal increases in body 
fat level.
4. The effect of body fat on a greater number of 
physical fitness test item3 should be tested.
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